Background: Selection into medical school is highly competitive with more applicants than places. Little is known about the preparation that applicants undertake for this high stakes process. The study aims to determine what preparatory activities applicants undertake and what difficulties they encounter for each stage of the application process to medical school and in particular what impact these have on the outcome. Methods: A cross-sectional survey of 1097 applicants who applied for a place in the University of Adelaide Medical School in 2007 and participated in the UMAT (Undergraduate Medicine and Health Sciences Admission Test) and oral assessment components of the selection process. The main outcome measures were an offer of an interview and offer of a place in the medical school and were analysed using logistic regression.
Background
The selection of students into medical courses is a major issue for university medical schools and it is often embroiled in controversy [1] [2] [3] . With more applicants than places, the selection process is very competitive and often scrutinised to ensure that it selects applicants with suitable characteristics for medicine and no systemic biases exist within the process. In countries such as Australia [4] , NZ [5] , Canada [6] , US [6] and the UK [7] the selection process to medical school consists of an aptitude/cognitive test, non-cognitive measures such as interviews and ratings of academic achievement such as matriculation score or grade point average.
While a variation on these processes is widely used, the evidence base for selection is small [8] . Most research has focused on the predictive validity of different parts of the selection process, such as the aptitude/cognitive tests like the MCAT [9, 10] , UKCAT [11] [12] [13] , or UMAT [14, 15] or ratings of academic achievement such as grade point average [16] .
Another small body of research has focused on demographic and socio-economic factors that may influence or predict the outcome of the process and if the process biases against disadvantaged groups [17] [18] [19] [20] .
There is little research regarding the lengths applicants go to in order to maximise their chance of receiving an offer or the difficulties they encounter during this process [21] [22] [23] . Moreover, there is little evidence on of the impact of the preparatory activities undertaken or difficulties encountered on the outcome [24] . The aims of this study are: to determine what preparation applicants undertake for each stage of the application process at the University of Adelaide Medical School (UMAT and oral assessment); to determine what difficulties they encounter at each stage of the application process; and if the preparatory activities or difficulties encountered impact on the outcome of the selection process.
Methods

Survey
We conducted a questionnaire-based survey of all applicants who applied to the University of Adelaide for entry into the undergraduate medicine course in 2007. A summary of the selection process at the University of Adelaide Medical School is provided in Table 1 . The selection process has three parts. Firstly, applicants sit the Undergraduate Medical and Health Sciences Admission Test (UMAT) and their score for this test determines who proceeds on to the next stage of the process, the oral assessment. Those who undertake the oral assessment receive a score. An offer of a place is then based on a composite score of the UMAT, oral assessment score and an applicant's Australian Tertiary Admissions Rank. A student who receives an offer can either accept the place or not.
International students applying for fee-paying places were excluded as the selection process varied slightly for this group. The survey consisted of four questionnaires which corresponded with the various stages of the application process -applicants who participated in the UMAT, applicants who were offered an oral assessment, applicants who were offered a place but did not accept and applicants who were offered a place and accepted. For each successive group an additional section was included that pertained to the particular stage in the application process. The questionnaires were developed following a focus group with first year medical school students who had experienced the application process approximately six months earlier and a review of the literature. The questionnaires covered a number of areas including socio-demographics, interest in medicine, preparatory activities and difficulties encountered during the various stages of the application process. A copy of the key components of the questionnaire used in this analysis are provided Additional file 1.
The questionnaires were mailed to applicants between March and June 2007, following the completion of the medical school application process. In order to maximise the response rate the project team adopted Dillman's Total Design Method [25] . This involves mailing out an initial questionnaire, which is followed by a reminder and after that a final questionnaire for those who do not respond.
Statistical analysis
Chi-squared tests and two sample t-tests (where appropriate) were used to determine if there were differences between responders and non-responders in terms of age, sex and location of residence.
For the responders, three outcome groups were determined -those who completed the UMAT, those who attended the oral assessment and those who were offered a place, irrespective of whether they accepted the offer or not. The analysis was undertaken in two parts reflecting the different stages of the application process. Firstly, those offered an oral assessment interview following the UMAT were compared with those who were not offered an oral assessment interview. Then for those who progressed to the oral assessment, comparisons were then made between those who were offered a place with those who were not offered a place in the medical school.
The number of preparatory activities was calculated and logistic regression used to determine if there was an association between the number of preparatory activities undertaken and a successful outcome (offer of an interview or offer of a place).
To determine what preparatory activities (or difficulties) were undertaken, separate logistic regression analyses were performed for each outcome.
Statistical significance was set at 5%. To account for multiple testing, Bonferroni Correction was applied for each preparatory activity and difficulty encountered, resulting in a corrected P value. The corrected and uncorrected P values are reported in the tables, along with odds ratios and 95% confidence intervals. All analysis was performed using SAS 9.2 (SAS Institute, Cary NC, USA).
This study was approved by the University of Adelaide Human Research Ethics Committee.
Results
A total of 2150 questionnaires were distributed and an overall response rate of 51% (1097/2150) was achieved. Response rates varied with the application stage. For applicants who did not receive an offer of an interview following the UMAT, the response rate was 46% (739/ 1610). For those applicants who participated in the oral interviews but did not receive and offer, the response rate was 55% (108/201), while a response rate of 74% (250/339) was obtained from those applicants who received an offer of a place.
A comparison of age and sex of responders to nonresponders showed there were no statistical differences in the groups in terms of age with both groups having the same mean age (17.7 years, p = 0.68). However, significantly more females and fewer males were in the response group (60% and 40% respectively) than the nonresponse group (52%, 48% respectively, p <0.001).
Participant characteristics
The socio-demographic characteristics of the respondents are summarised in Table 2 . Of all applicants in the study, there were a greater proportion of female applicants (60%) and applicants who attended a nongovernment school (57%). Over a third of respondents were from South Australia (37%) and 78% spoke English as their main language. Over half (56%) of the respondents had a family member who worked in the health profession, with the most common family member being their mother (57%). 15% of respondents had lived rurally for at least eight or more years.
Amount of preparation
The number of preparatory activities undertaken for the UMAT and oral assessment component of the application process by the outcome (offered or not offered an oral assessment interview or offered or not offered a place) is shown in Figure 1 and Figure 2 , respectively. The mean number of activities for the UMAT was 2.9 (2.8 for those who did not receive an offer of oral assessment interview and 3.2 activities for those who received an offer of an oral assessment interview). Regarding the UMAT, for every one additional activity that applicants undertook, the odds of being offered an interview increased by 1.22 (95% confidence interval [CI] 1.11 -1.33; P < 0.001). The mean number of activities undertaken for the oral assessment was 3.1 ( 2.4 for those who did not receive an offer of a place and 3.4 for those who did receive an offer of a place). For the oral assessment, for every one additional activity that applicants undertook, they increased their odds of being offered a place by 1.36 (95% CI 1.19 -1.55; P < 0.001).
Type of preparation UMAT
The 1097 applicants undertook a range of preparatory activities for the UMAT and the most common activity was the completion of example questions (83%) ( Table 3 ). This was followed by familiarisation with the process (67%), speaking with others who had completed the UMAT previously (57%) and use of online services of private organisations (48%) ( Table 3) . Only a very small proportion of applicants indicated that they undertook no preparation for the UMAT (3%).
After adjustment for multiple comparisons, several preparatory activities undertaken for the UMAT were significantly associated with obtaining an offer of an oral assessment interview. Those applicants who attended training courses by private organisations (OR 1.75, 95% CI 1.35 -2.27; P < 0.001 corrected), used the online services of private organisation (OR 1.58, 95% CI 1.23 -2.04; P < 0.001 corrected) or who familiarised themselves with the process (OR 1.52, 95% CI 1.15 -2.00; P = 0.021 corrected) were significantly more likely to receive an offer of an interview than those who did not undertake the activity (Table 3) .
Oral assessment
For the 359 applicants who were awarded an oral assessment interview, the most common preparatory activities were learning about the course structure (65%), discussing the process with previous applicants (59%), preparing answers for possible questions (51%) and having practice interviews with family and friends (49%) ( Table 3) . A small number of applicants (8%) did no preparation for the interview. Two preparatory activities for the oral assessment interview were significantly associated with being offered a place in medical school after adjustment for multiple comparisons (Table 3) . These activities were refining and learning a personal resume (OR 9.73, 95% CI 2.97 -31.88; 
Difficulties encountered UMAT
Applicants (n = 1097) reported a number of difficulties with the UMAT. Time limit of the test (56%), inability to convey personal skills (50%) and the inability to determine if answers were correct (43%) were the most common difficulties encountered ( Table 4) . The reported difficulties which resulted in a statistically significant decrease in the likelihood of being offered an oral assessment interview included difficulties with the timing of the UMAT in terms of school exams (OR 0.48, 95% CI 0.35 -0.66; P < 0.001 corrected), the perceived inability to prepare or learn for this type of test (OR 0.47, 95% CI 0.35 -0.63; P < 0.001 corrected) or feeling the test did not allow applicants to convey personal skills (OR 0.67, 95% CI 0.52 -0.86; P = 0.026 corrected) (Table 4) .
Oral assessment
Those who participated in the oral assessment interview (n = 359) also encountered several difficulties, the most common being their inability to judge their performance (66%), the cost of attending the interview (36%) and difficulty in structuring answers (26%) ( Table 4 ). None of the difficulties identified with the oral assessment interview significantly decreased the likelihood of being offered a place in the program (Table 4) .
Discussion
This study is one of the first to investigate the impact of preparatory activities undertaken by applicants on the outcome of an application to medical school. Our results show that the more preparatory activities an applicant undertakes for the various stages of the selection process the more likely they are to be offered an interview or place in the medical school. We also found that certain distinct preparatory activities increased the odds of being offered an interview or a place. Some of the difficulties encountered during the process reduced the odds of being offered an interview.
There is limited research on the preparatory activities undertaken for medical school selection and there are even fewer studies that have investigated the impact of these activities on outcome (ie selection). Most of the literature on the role of preparation and coaching on performance in medical school exams comes from the USA. This research focuses on exams that occur once the student is in medical school, such as the USMLE step 1 exam [26, 27] , and often involve relatively small samples.
[27] While there is some research on applicant preferences for new processes such as the Multiple Mini Interview (MMI) over traditional approaches [28, 29] , we found only one other study that had investigated student attitudes to parts of the selection process [30] . Their results correspond with the difficulties outlined in our study such as cost and perceived level of difficulty but only included those who had been successful in the medical school selection process. One small Australian study of 287 applicants assessed the impact of coaching on the UMAT and coaching and repeat testing on the MMI [21] . They found that coaching had a small effect on the parts of the UMAT test but was ineffective in improving the scores of the MMI. A small New Zealand study [24] investigated the impact of preparatory course and tutoring on the UMAT score and found these had no significant impact on the score. This contrasts with our results, although this study looked at the UMAT score result not success. However, they found that students undertaking the preparatory courses and spending more money on UMAT preparation had greater confidence in gaining an approved UMAT score. Preparation for the various stages of the application process seems to contribute to a successful outcome and these results raise some important issues that have implications for the selection processes used by medical schools. We provide evidence that when there is a highly desired outcome [31] , such as entry to medical school, applicants are likely highly motivated and consequently undertake a range of activities to ensure they achieve the desired outcome.
Of particular importance is the influence that preparatory activities have on this outcome. This particularly relates to the aptitude test such as the UMAT and UKCAT which are designed to measure innate aptitude and be less amenable to coaching. Messick and Jungeblut [32] defined 'coaching' as encompassing activities such as test familiarisation, practice with feedback, training strategies for specific formats, general test taking and skill development exercises. The majority of the preparatory activities identified by applicants in our study fall under this definition and for the UMAT, coaching does in fact seem to make a difference to the outcome. Research from the US, where coaching for the MCAT is long established, provides some evidence of practice effects, but the results are mixed and may be influenced by applicant motivation [33] . While the above issues are important, the most critical concern that this study raises is around equity. This is of particular importance in a climate where medical schools are increasingly seen as having a social accountability mandate. Prideaux et al [8] argue that widening access to unrepresented groups such as those from a rural, ethnic or low socio-economic background, is a values issue and not a 'a technical question of choosing one selection method over another' (page 219). We believe our results challenge this argument. If coaching in its broadest definition is associated with successfully applying to medicine, it has equity implications. The activities identified by the applicants in this study may not be accessible to all applicants due to cost, geography or opportunities. Training programs provided by commercial companies for medical school selection are costly, with basic packages start at $AU395 and range up to more than $AU1500. There can also be travel costs associated with attending workshops or courses. Some applicants may not be able to attend training if they live in rural or remote areas. The opportunity to discuss the application process with previous applicants may also favour applicants from medical families or those who attended private schools where access to old scholars to discuss the process or practice techniques is provided. Applicants from disadvantaged groups may not have access to such resources. These issues are of particular concern in a time when many medical schools/ governments want to broaden the diversity of medical students, particularly from underrepresented groups [34] . This aspect may explain why, even with advent of strategies to increase underrepresented groups, widening access has not been totally successful [34] . Research has indicated that certain demographic characteristics are associated with a successful outcome to medical school [19] . Our results suggest that investigating the impact of socio-demographic characteristics on preparatory activities would be worthwhile in order to understand the role of these activities on outcome.
What can be done to address this additional variable in the selection process? Options to level the playing field may be the provision of coaching activities to disadvantaged groups, using processes shown to be less influenced by coaching such as the MMI, scores on such tests be weighted accordingly to account for level of disadvantage [35] or new selection processes such as the use of personality testing and testing emotional intelligence. However, changing the selection process is complicated and costly and it is likely that if a new process is developed, applicants will again adapt and find ways to increase their likelihood of being selected.
Limitations
A key strength of the study is that data were collected as soon as the selection process had been completed when the applicants' experiences were relatively fresh and it included applicants who were successful and unsuccessful, providing a full perspective on the selection processes. However, there are several limitations. The response rate achieved was 51% of the total applicants for 2007 and together with the fact that participants were drawn from one cohort may limit the generalisation of the results. It is likely that the results are biased to successful applicants, with the response rate lowest for those who were unsuccessful and highest for those who were successful.
While it was possible to identify individual preparatory activities or difficulties encountered that impacted on the outcome, we could not determine which combination of activities or difficulties that had the most influence on the outcome. This resulted from the large number of combinations possible as well as multiple combinations. Increasing the sample size or limiting the variables available for the respondents could address this issue in the future. Finally, while the results showed that certain preparatory activities were associated with a successful outcome, this does not indicate that the applicant is more suitable for the medical program or a career in medicine.
Conclusions
Medical schools make an enormous effort to undertake a selection process that is fair and equitable and which selects students most appropriate for medical school and the course they provide. Our results indicate that performance in the selection processes can be improved by training. However, if these preparatory activities may be limited to those who can access them, the playing field is not even and increasing equity of access to medical schools will not be achieved.
